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(54) PHOTOGRAPHING LENS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lens system, 
lens working of which is simple and inexpensive even 
when the image plane size is small, which is 
comparatively bright, and where aberration compensation 
is excellently performed, by constituting the system of 
four single lenses and making the radius of curvature of 
each lens large. 

SOLUTION: This photographing lens system is 
constituted of four single lenses such as a 1st lens 10 
being biconvex, a 2nd lens 20 being biconcave whose 
strong concave surface is faced to an object side, a 3rd 
lens 30 being positive whose strong convex surface is 
faced to an image side, and a 4th lens 40 whose strong 
convex surface is faced to the object side in order from 
the object side. It is desirable that the shaping factor of 
the 4th lens 40 satisfies 0.4<(r8+r7)/(r8-r7)<1 .0. 
Provided that r7 is the radius of curvature of the surface 
of the 4th lens on the object side, and r8 is the radius of 
curvature of the surface of the 4th lens on the image 

side. Thus, the photographing lens system whose half viewing angle is about 20° , which is 
bright with an aperture ratio such as about 1 :20, where the aberration compensation is 
excellently performed, the lens work of which is made simple and inexpensive, and which is 
suitable for a camera utilizing a solid-state image pickup element is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A taking-lens system characterized by consisting of four single lenses of the 1st lens 
of both convexes, the 2nd lens of both concaves that turned a concave surface strong against a 
body side, the 3rd positive lens to which a convex strong against an image side was turned, and 
the 4th lens to which a convex strong against a body side was turned in order [ side / body ]. 
[Claim 2] A taking-lens system with which a shaping factor of the 4th lens is satisfied of the 
following conditional expression (1) in claim 1. 

(1) 0.4<(r8+r7)/(r8-r7) <1.0, however r7 : Radius of curvature of a field by the side of a body of 
the 4th lens, r8 : Radius of curvature of a field by the side of an image of the 4th lens. 
[Claim 3] A taking-lens system with which the sum of power of a field which counters mutually 

[ the 2nd lens and the 3rd lens ] is satisfied of the following conditional expression (2) in claims 1 
or 2. 

(2) - LKphir ■ — 4+phir5 — < -0.1, however phir4: — field power of a field by the side of an 
image of the 2nd lens, and phir5: — field power of a field by the side of a body of the 3rd lens. 
[Claim 4] claim 1 thru/or any 1 term of 3 — setting — a field r2 by the side of an image of the 
1st lens A field r7 by the side of an image of the 4th lens lens up to — a taking-lens system 
with which a shaft top size is satisfied of the following conditional expression (3). 

(3) LKsigmadi <1.7 0=2-7) 

However, di : It counts from a body side and is the shaft top gap of the i-th page and a ** (i+1) 
side. 

[Claim 5] A taking-lens system with which a ratio of radius of curvature of both sides of the 2nd 
lens is satisfied of the following conditional expression (4) in claim 1 thru/or any 1 term of 4. 

(4) 0.4<|r3/r4 |<1.2, however r3 : Radius of curvature of a field by the side of a body of the 2nd 
lens, r4 : Radius of curvature of a field by the side of an image of the 2nd lens. 

[Claim 6] A taking-lens system by which ** is arranged between the 1st lens and the 2nd lens in 
claim 1 thru/or any 1 term of 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the taking-lens system suitable for the ITV 
camera photoed with a solid state image sensor, a video camera, an electronic "still" camera, 
etc. 
[0002] 

[Description of the Prior Art] In recent years, the so-called requests of the electronic "still" 
camera which records a photography image with solid state image sensors (CCD etc.) are 
mounting. The following properties are required compared with the photographic lens with which 
the taking-lens system of the camera which uses such an electric picture element uses a film. 
[0003] ** Generally, since latitude is narrower than a film, an electric picture element makes 
aperture efficiency about 100% so that it may fully take the amount of ambient light. 
** Even if it satisfies the above-mentioned **, since a fall and color gap of the amount of 
ambient light occur, carry out incidence of the chief ray at a perpendicularly near angle to a full 
screen on the structure of an electric picture element. 

** It is necessary to secure arrangement spaces, such as an optical member for protection of 
the infrared cut-off filter for amending the optical low pass filter for moire removal, and spectral 
sensitivity, or an image formation side, and protection against dust, and require a long back focus 
between a lens and an image formation side. 

[0004] Taking-lens systems, such as ** JP,49-53036,A, ** JP,57-1 64708,A, and ** JP.7- 
951 41, B, are already proposed for such the purpose. However, the half-field angle of ** is as 
narrow as 1 6.5 degrees, the aperture ratio of ** is dark at about 1 :4.3, and ** is an aperture 
ratio 1:2.8 in the half-field angle of 19.5 degrees, and moreover, since both ** - ** of the radius 
of curvature of the minimum refracting interface are as small as less than [ the one half degree 
of a focal distance, or it ], it has the trouble that lens processing becomes difficult and a 
manufacturing cost becomes high, so that a screen size becomes small. 
[0005] 

[Objects of the Invention] With the half-field angle of about 20 degrees, this invention is as 
bright as about 1 :2.0 aperture ratio, and moreover, its aberration amendment is good and it aims 
at obtaining the taking-lens system suitable for the camera using a solid state image sensor 
which is simple for lens processing and can do it cheaply. Even if the radius of curvature of each 
lens is comparatively large and a screen size becomes small especially, lens processing aims at 
obtaining an easy taking-lens system. 
[0006] 

[Summary of the Invention] The image pick-up lens system of this invention is characterized by 
consisting of four single lenses of the 1st lens of both convexes, the 2nd lens of both the 
concaves that turned the concave surface strong against a body side, the 3rd positive lens to 
which the convex strong against an image side was turned, and the 4th lens to which the convex 
strong against a body side was turned in order from the body side, 

[0007] As for the taking-lens system of this invention, it is desirable that the shaping factor of 
the 4th lens satisfies conditional expression (1). 
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(1) 0.4<(r8+r7)/(r8-r7) <1.0, however r7 : The radius of curvature of the field by the side of the 
body of the 4th lens, and r8 : the radius of curvature of the field by the side of the image of the 
4th lens — it comes out. 

[0008] Furthermore, it is desirable that the sum of the power of the field which counters 
mutually [ the 2nd lens and the 3rd lens ] satisfies conditional expression (2). 

(2) - 1 .Kphir — 4+phir5 — < -0.1 , however phir4: — the field power of the field by the side of 
the image of the 2nd lens, and phirS: — the field power of the field by the side of the body of the 
3rd lens — it comes out. 

[0009] moreover, field r2 by the side of the image of the 1st lens Field r7 by the side of the 
image of the 4th lens lens up to — it is desirable that a shaft top size satisfies conditional 
expression (3). 

(3) LKsigmadi <1.7 0=2-7) 

however, di : from a body side — counting — the shaft top gap of the i-th page and a ** (i+1) 
side — it comes out. 

[0010] As for the radius of curvature of both sides of the 2nd lens, it is desirable to satisfy 
conditional expression (4). 

(4) 0.4<|r3/r4 |<1.2, however r3 : The radius of curvature of the field by the side of the body of 
the 2nd lens, and r4 : the radius of curvature of the field by the side of the image of the 2nd lens 
— it comes out. ** is arranged between the 1 st lens and the 2nd lens. 

[0011] 

[Embodiment of the Invention] The 2nd lens of both concaves to which the taking-lens system 
of this invention turned the concave surface stronger against a 1st lens [ of both convexes ], . 
and body side in order than a body side, Constitute from four single lenses of the 3rd positive 
lens to which the convex strong against an image side was turned, and the 4th lens to which the 
convex strong against a body side was turned, and the radius of curvature of each lens is 
enlarged comparatively. Even if a screen size becomes small, as brightly [ lens processing is 
easy, and can do it cheaply, and ] as about 1 :2.0 aperture ratio, aberration amendment is good 
and obtains the taking-lens system suitable for the camera which moreover used the fixed image 
sensor. 

[0012] Conditional expression (1) is conditions required in order to make it most a tele cent 
rucksack about 5 degrees or less about the shaping factor of the 4th lens by the side of an 
image. If the minimum of conditional expression (1) is exceeded, a tele cent rucksack angle 
(incident angle of the chief ray outside a shaft which carries out incidence to an image formation 
side) will be subtracted (it inclining inside) too much. When a maximum is exceeded, a tele cent 
rucksack angle becomes 5 degrees or more, and it becomes impossible to attain the purpose of 
this invention. 

[0013] Conditional expression (2) is the conditions for expressing the range of the sum of the 
power of the field of the air lens constituted by between the opposed faces of the 2nd lens and 
the 3rd lens, suppressing generating of coma flare, and balancing the image surface. If negative 
power becomes strong exceeding a minimum, coma flare with bottom light will occur greatly 
outside, and it will become superfluous a curvature's of field amending it. a maximum — 
exceeding — negative power — if it becomes weak, since coma flare with bottom light will occur 
greatly inside and it will become insufficient a curvature's of field amending it, it becomes 
impossible to maintain the image formation engine performance 

[0014] Conditional expression (3) is conditions required in order to specify the range of the gap 
of the 1st lens with which ****** is arranged, and the 2nd lens, and the sum total of the shaft 
top size from the 2nd lens to the 4th lens, to be about 5 degrees or less and to carry out 
incidence of the chief ray outside a shaft to an image formation side (image pick-up side). 
Therefore, if a shaft top size becomes short exceeding the minimum of conditional expression 
(4), since it will become impossible to suppress the incident angle of the chief ray outside a shaft 
which carries out incidence to an image formation side at about 5 degrees or less and the KOBA 
thickness of the 3rd lens and the 4th lens will become thin at coincidence, when especially a 
screen size is small, processing of a lens and assembly become difficult. If this shaft top size 
becomes long exceeding a maximum, a back focus will become short and arrangement of optical 
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members, such as a low pass filter and an infrared cut-off filter, will become difficult. 
[0015] Conditional expression (4) is the conditions for amending spherical aberration and comatic 
aberration good about the range of the ratio of the radius of curvature of the field of the both 
sides of the 2nd lens which is the only negative lens among the lens whole system. Refracting 
interface r3 by the side of the body of the 2nd lens Radius of curvature becomes small or it is 
the refracting interface r4 by the side of an image. If radius of curvature becomes large and 
exceeds the minimum of conditional expression, amendment of superfluous spherical aberration 
will become impossible and an inner direction coma will occur greatly. Conversely, r3 It becomes 
large or is r4. If it becomes small and the maximum of conditional expression is exceeded, it will 
become insufficient amending spherical aberration, a method coma of outside will occur, and the 
good image formation engine performance will no longer be obtained. 

[0016] Hereafter, this invention is explained about a concrete numerical example. Each of 
following example 1 thru/or 6 is order from the 1st lens 10 of both convexes, **S, the 2nd lens 
20 of both concaves, the 3rd positive lens 30, and the 4th lens 40 of both convexes from the 
body side. The 3rd lens consisted of a biconvex lens except for the example 2 which consists of 
a meniscus lens, and is all equipped with the convex strong against an image side. Behind the 4th 
lens, in an example 1 thru/or the example 4, the cover glass CG of a low pass filter and an image 
sensor is arranged, and the cover glass CG of an image sensor is arranged in the example 5 and 
the example 6. The field by the side of the image of cover glass CG is an image pick-up side. 
[0017] [Example 1] drawing 1 and drawing 2 show the 1st example of the taking-lens system of 
this invention, drawing 1 is the lens block diagram, and drawin g 2 is many of the aberration 
drawings. The concrete numeric data of this lens system is shown in a table 1. The chromatic 
aberration [ in / SA among many aberration drawings, and / in SC / sine condition, d line, g. line, 
C line, and each wavelength ] shown according to spherical aberration and S show sagittal one, 
and M shows MERIDIONARU. [ spherical aberration ] 

[0018] The inside of a table and a drawing, and FNO The f number and F A focal distance and W 

A half-field angle and fB express a back focus. R is radius of curvature and D is lens thickness 

or a lens gap, and Nd. The refractive index of d line and nu show the Abbe number of d line. A 

back focus fB is the air scaled distance of the distance from the 4th lens last side (r8 page) to 

the image side (an image pick-up side and r1 1) of cover glass CG (fB=d8+(d9/N9)+ (d10/N10)). 

[0019] 

[A table 1] 

FNO=1:2.1 F=5.24W=20.1fB=3.44 Field No. R D Nd nud 1 10.330 1.83 1.84666 23.9 2 - 10.330 0.12 

** infinity 0.62 - - 3 - 3.894 0.91 1.92286 21.3 4 7.056 0.17- - 5 12.2682.76 1.72916 54.7 6- 
4.000 0.15 - - 78.372 3.131.72916 54.7 8 - 29.0581.42 — 9 infinity 0.99 1.45854 68.0 10infinity 

2.00 1.49176 57.4 11 infinity [0020] [Example 2] drawin g 3 and drawin g 4 show the 2nd 

example of the taking-lens system of this invention, and drawi ng 3 is [ many aberration drawings 

and the table 2 of a lens block diagram and drawing 4 ] concrete numeric data. 

[0021] 

[A table 2] 

FNO=1:2.0 F=5.24W=19.6fB=2.46 Field No. R D Nd nud 1 5.577 2.04 1.83400 37.2 2 - 20.675 0.14 

- - ** infinity 0.89 - - 3 - 4.744 0.80 1.9228621.3 4 6.230 0.59- - 5-19.000 1.93 1.7410052.76 - 
3.673 0.20 - - 7 5.310 2.14 1.74100 52.78 - 31.021 0.44 — 9 infinity 0.99 1.45854 68.0 10 infinity 

2.00 1.49176 57.4 11 infinity [0022] [Example 3] d rawin g 5 and drawing 6 show the 3rd 

example of the taking-lens system of this invention, and drawing 5 is [ many aberration drawings 
and the table 3 of a lens block diagram and drawing 6 ] concrete numeric data. 

[0023] 

[A table 3] 

FNO=1:2.0 F=5 ; 24W=20.3fB=3.02 Field No. R D Nd nud 1 1 1.539 4.30 1.80518 25.4 2 - 14.624 0.19 

- - ** infinity 0.64 - - 3 - 4.541 0.80 1.7508427.7 4 4.685 0.1 1- - 5 6.341 2.53 1.56873 63.1 6- 
3.483 0.15 - - 7 5.403 2.401.56873 63.1 8 - 14.8131.00— 9 infinity 0.99 1.45854 68.0 10 infinity 

2.00 1.49176 57.4 11 infinity [0024] [Example 4] drawing 7 and drawing 8 show the 4th 

example of the taking-lens system of this invention, and drawing 1 is [ many aberration drawings 
and the table 4 of a lens block diagram and drawing 8 ] concrete numeric data. 
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[0025] 

[A table 4] 

FNO=1:2.0 F=5.24W=20.1fB=3.07 Field No. R D Nd nud 1 10.549 4.05 1.80518 25.4 2 - 18.466 0.44 

- - ** infinity 0.69 - - 3 - 4.004 0.80 1.9228620.9 4 6.993 0.12- - 5 10.6732.44 1.80400 46.6 6- 
3.945 0.15 - - 7 5.672 2.321.69349 50.8 8 - 319.677 1.05 - - 9 Infinity0.99 1.45854 68.0 10 

Infinity 2.00 1.49176 57.4 11 Infinity [0026] [Example 5] dra_wing_9 and drawing 10 show the 

5th example of the taking-lens system of this invention, and drawin g 9 is [ many aberration 
drawings and the table 5 of a lens block diagram and drawin g 10 ] concrete numeric data. 
[0027] 

[A table 5] 

FNO=1:2.0 F=5.24W=20.1fB=1.35 Field No. R D Nd nud 1 8.869 4.18 1.80740 35.4 2 - 15.222 0.18 

- - ** infinity 0.63 - - 3 - 4.228 0.80 1.7847026.2 4 4.895 0.12- - 5 6.6352.36 1.64000 60.1 6- 
3.531 0.15 - - 7 5.147 4.071.64000 60.1 8 -100.000 0,69 - - 9 infinityl.OO 1.51633 64.1 10 infinity 

[0028] [Example 6] drawing 1 1 and drawing 12 show the 6th example of the taking-lens 

system of this invention, and drawin g 1 1 is [ many aberration drawings and the table 6 of a lens 
block diagram and drawing 12] concrete numeric data. 

[0029] 

[A table 6] 

FNO=1:2.0 F=5.24W=20.1fB=2.55 Field No. R D Nd nud 1 1 1.095 4.21 1.83400 37.2 2 - 20.772 0.59 

- - ** infinity 0.53 - - 3 - 4.069 0.80 1.6989530.1 4 4.452 0.07- - 5 5.537 2.44 1.61800 63.4 6- 
3.671 0.15 - - 75.496 2.641.61800 63.4 8 -19.3861.89 — 9 infinity 1.00 1.51633 64.1 10 infinity - 

[0030] Next, the value over an example 1 thru/or the monograph affair type of 6 is shown in 

a table 7. 
[A table 7] 
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0. 5726 


0. 8637 


0.9140 



[0031] The numeric value of an example 1 thru/or an example 6 has satisfied conditional 
expression (1) thru/or (4) so that clearly from a table 7. Moreover, each aberration is also 
amended good so that clearly from aberration drawing. 
[0032] 

[Effect of the Invention] According to this invention, with the half-field angle of about 20 
degrees, it is as bright as about 1:2.0 aperture ratio, and moreover, aberration amendment is 
good and can obtain the taking-lens system suitable for the camera using a solid state image 
sensor easy [ lens ] and made cheaply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the lens block diagram of the 1st example of the taking-lens system by this 
invention. 

[Drawin g 2] They are many aberration drawings of the lens system of d rawing 1 . 

[Drawing 3] It is the lens block diagram of the 2nd example of the taking-lens system by this 

invention. 

[Drawing 4] They are many aberration drawings of the lens system of d rawin g 3 . 

[Drawing 5] It is the lens block diagram of the 3rd example of the taking-lens system by this 

invention. 

[Drawing 6] They are many aberration drawings of the lens system of drawing 5 . 

[Drawin g 7] It is the lens block diagram of the 4th example of the taking-lens system by this 

invention. 

[Drawing 8] They are many aberration drawings of the lens system of draw ing 7 . 

[Drawing 9] It is the lens block diagram of the 5th example of the taking-lens system by this 

invention. — — 

[ Drawin g 10 ] They are many aberration drawings of the lens system of drawing 9 . 

[Drawing 1 1] It is the lens block diagram of the 6th example of the takingHens system by this 

invention. 

[Drawing 12] They are many aberration drawings of the lens system of drawing 1 1 . 

[Description of Notations] 

1 0 1 st Lens 

20 2nd Lens 

30 3rd Lens 

40 4th Lens 

S ** 

LF Low pass filter 
CG Cover glass 



[Translation done.] 
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